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Abstract
Background: Helicobacter pylori and its virulent cagA gene have been linked to cardiometabolic disease
but the evidence is inconclusive. The aim of the study was to assess the association between serostatus of H.
pylori and cagA gene and prevalence of metabolic syndrome.
Methods: Data from the baseline visit of the Calcium and vitamin D for Diabetes Mellitus (CaDDM) trial
were used to assess prevalent of metabolic syndrome status based on the American Heart Association
criteria. Other outcomes included the Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) and
inflammatory and vascular markers. Study participants were tested for H. pylori and cagA prevalence using
ELISA IgG serology tests. We assessed the association of metabolic syndrome and its individual components
with H. pylori and cagA sera status using chi-square and t-tests and adjusted for potential confounding by
age, gender, ethnicity, race, family history of diabetes mellitus, and BMI.
Results: One hundred ninety-seven participants were eligible for this study. 59% were women, 76% were
white and 94% were non-Hispanic or non-Latino. Their average age was 60 years and their mean BMI was
32.1 kg/m². Metabolic syndrome was present in 38% of participants with H. pylori and in 42% of those without
H, pylori (p= 0.36). Among those with H. pylori, metabolic syndrome was present in 40% who had cagA gene
and in 35% of those without cagA gene (p=0.70). Among metabolic syndrome components, there was no
associations with H. pylori or cagA except for waist circumference which was associated with H. pylori (adj;
p=0.04), and blood pressure which was associated with cagA (adj: systolic; p=0.03, diastolic; p=0.05).
Inetrleukin-6 was only associated with cagA (unadj: p=0.04), while VCAM and ICAM showed association with
H. pylori (unadj: ICAM; p=0.01, VCAM; p=0.03; adj: ICAM; p=0.05, VCAM; p=0.04).
Conclusion: In this study, H. pylori and cagA gene seropositivity was not associated with metabolic
syndrome. Associations between H. pylori and cagA seropositivity and specific vascular and inflammatory
markers need further investigation in different and larger cohorts.
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INTRODUCTION

Metabolic syndrome, sometimes called the insulin resistance syndrome, includes a cluster
of cardiovascular disease risk factors including hyperglycemia, central obesity, dyslipidemia,
hypertension and endothelial dysfunction. Metabolic syndrome is a common condition estimated to
affect 35% of the US population (1) and constitutes a strong risk factor for type 2 diabetes and
cardiovascular disease. The central etiology of metabolic syndrome is not well-understood and
identification of novel mechanisms that explain its underlying pathophysiology is desirable. Recent
evidence has suggested a potential link between infection with Helicobacter pylori (H. pylori) and
several components of the metabolic syndrome (2) (3). Infection with H. Pylori, a gram-negative
spiral-shaped organism that colonizes the gastric mucosa, is very common as approximately 40%
of the US population and 50% of the world’s population has evidence of exposure (4). Helicobacter
pylori have been implicated in a variety of extra-gastrointestinal disease including inflammatorymediated and vascular diseases (5). Helicobacter pylori and metabolic syndrome appear both to
affect the elderly and share common characteristics including increased levels of inflammatory
markers and altered vascular homeostasis (6)(7), which has led to the hypothesis that H. pylori
might be pathophysiologically linked to metabolic syndrome. Furthermore, certain strains of H.
pylori may be especially important in conferring a higher risk of metabolic syndrome. One such
strain encodes a gene called cytotoxin-associated protein A (cagA gene), which is a fundamental
structure in the pathogenicity island, defining H. pylori strains as either cagA positive (cagA+) or
cagA negative (cagA-).

The cagA protein, which is found in approximately half of H. pylori

infections, is known to be responsible for more virulent forms of H. pylori-associated gastrointestinal
pathological and clinical presentations (8)(9) and also thought to contribute to H. pylori extragastrointestinal pathogenesis (10); however, its potential association with metabolic syndrome,
especially in a Western cohort, has been largely understudied (11).
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Observational studies that have examined the association between H. pylori and metabolic
syndrome or insulin resistance have reported inconsistent results (12). Some of these studies are
limited by the narrow populations studied, the lack of a clear definition for metabolic syndrome or
the use of only the insulin resistance index to define metabolic syndrome, and the lack of
assessment of non-traditional components of the metabolic syndrome, including inflammatory and
vascular markers. Clarification of the potential link between H. pylori and metabolic syndrome would
be of importance with extensive impact to public health given the high prevalence of both H. pylori
infection and metabolic syndrome in the U.S. and world population.

In this study, we assessed the association between H. pylori exposure and metabolic syndrome,
its traditional and non-traditional (inflammatory and vascular) components, and how the association
might be modified by the present of the cagA gene. We hypothesized that persons with H. pylori
positive (H. pylori+) colonization, especially with cagA positive (cagA+) strains, would exhibit worse
metabolic profile than those with H. pylori negative (H. pylori -) or cagA negative (cagA-).

METHODS

Study Population and Enrollment Criteria
The study cohort was derived from the CaDDM trial (Calcium, Vitamin D, and Diabetes Mellitus)
(13), where participants at high risk for type-2 diabetes mellitus (age ≥40 years old; body mass
index (BMI; kg/m²) ≥25 kg/m2 [≥23 kg/m2 if of Asian race)]), were screened by laboratory criteria to
define their glucose tolerance status, based on hemoglobin A1c (HbA1c), fasting plasma glucose
(FPG) and 2-hour post-load glucose (2hPG) after a 75-gram oral glucose load. Participants were
ambulatory adults recruited from the greater Boston metropolitan area and the major exclusion
criteria included smoking, body mass index (BMI) >40 kg/m2, or weight change of more than 4 kg
over 6-month period before screening. The present cross-sectional study uses data from the
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screening visit of the CaDDM trial. A total of 247 participants underwent screening and 202 had full
screening with an oral glucose tolerance test. Among those, 197 had data available on H. pylori
serostatus. The CaDDM study was conducted between September 2007 and March 2009 at the
Clinical Translational Research Center at Tufts Medical Center (Boston, MA) with approval by the
Institutional Review Board at Tufts University and each participant provided written informed
consent.

Exposure Variables
Participants were tested for H. pylori serology using Immunoglobulin-G enzyme-linked
immunosorbent assay (IgG ELISA). This test has specificity of 95% and sensitivity of 94%. Every
patient who tested positive for H. pylori had their plasma further tested for CagA gene (IgG ELISA)
using cag-A IgG ELISA kit, which has 97% specificity and 96% sensitivity (www.alpco.com). All
serology tests were repeated for confirmation.

Outcome Variables

Metabolic Syndrome – Traditional Components
Metabolic syndrome was defined according to the modified criteria from the National Cholesterol
Education Program’s Adult Treatment Panel III (NCEP ATPIII) (14) where the diagnosis of
metabolic syndrome is fulfilled with the presence of three or more of the following five; 1) waist
circumference ≥ 102 cm (male), ≥ 88 cm (female); 2) triglycerides ≥ 150 mg/dl; 3) high density
lipoprotein (HDL) < 40 mg/dL in men and, < 50 mg/dL in women; 4) systolic blood pressure ≥ 130
mm Hg and/or diastolic blood pressure ≥ 85 mm Hg or current antihypertensive drug treatment in a
patient with a history of hypertension; and 5) fasting plasma glucose ≥ 100 mg/dl or use of
medication for hyperglycemia.
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Additional metabolic outcome variables of interest included each of the metabolic syndrome
components, total cholesterol, low-density lipoprotein (LDL), vascular cell adhesion protein (VCAM),
intercellular adhesion molecules (ICAM), interleukin-6 (IL6) and high sensitivity-C-reactive protein
(hs-CRP). Blood measurements were done in the morning after a 12-hour overnight fast. Plasma
glucose was measured by an oxygen rate method with a Beckman Synchron LX System (Beckman
Coulter Inc, Fullerton, CA). Hemoglobin A1c was measured with a Tosoh G7 high-performance
liquid chromatochraphy assay (Tosoh Bioscience Inc, San Francisco, CA), certified through the
national glycohemoglobin standardization program (http://www.ngsp.org).

Serum insulin was

measured with a radioimmunoassay commercial kit (DPC Coat-A-Count Insulin assay; Siemens
Medical Solutions Diagnostics, Los Angeles, CA).

Insulin resistance was defined by the

Homeostatic Model Assessment (HOMA), using fasting glucose and insulin as follows: Insulin
Resistance (HOMA-IR) = glucose [mmol/L] x insulin [mU/L]/22.5. Cholesterol concentrations were
determined using a commercially available kit based on enzymatic reagents (Beckman Coulter
SYNCHRON CX System and SYNCHRON Systems Lipid Calibrator [total #467825; LDL #3038661;
HDL #650207; triglyceride #445850]). The assays are standardized through the Lipid
Standardization Program of the Centers for Disease Control in Atlanta, GA. Vascular markers
(VCAM and ICAM) were measured by an ELISA assay (R&D Systems, Minneapolis, MN).

Demographic and Other Variables
Age, gender, race, ethnicity and family history of diabetes were self-reported. Height (to ±0.1
cm) was measured at baseline using a wall-mounted stadiometer, and body weight (to ±100 g) was
measured using an electronic calibrated scale (Cardinal Detecto Model 758C, Webb city, MO).
Body mass index was calculated as weight/height2 (kg/m2).
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Statistical Analysis
The Pearson’s chi-square test was used to assess the association between H. pylori serostatus
and metabolic syndrome in all participants and between cagA serostatus and metabolic syndrome
in participants who were H. pylori seropositive. Student two-Sample t-tests were used to test for
differences between the means of each of the components of metabolic syndrome (waist
circumference, TG, HDL, systolic and diastolic blood pressure, and FPG) for H. pylori seropositive
vs. seronegative participants and for H pylori-cagA protein seropositive vs. H pylori-cagA protein
seronegative participants. Associations between H pylori or H pylori-cagA serostatus and other
cardiometabolic variables such as HOMA-IR, HbA1c, CRP, IL-6, LDL, total cholesterol, ICAM and
VCAM were also assessed.
In multivariate logistic regression analysis, the association between each of H. pylori and cagA
sera status and metabolic syndrome was tested after adjusting for potential confounding by age,
gender, ethnicity, race, family history of diabetes mellitus, and BMI. Confounders were forced into
the model based on clinical grounds. A similar adjusted analysis used linear regression to examine
the association between H. pylori and cagA serostatus and the individual components of metabolic
syndrome. Statistical significance was determined by a two-sided p-value ≤ 0.05.

We also

contrasted the mean response of individuals with and without metabolic syndrome with respect to
its components and to other outcome variables of interest. Values were expressed as means or
percentages. The statistical package for analyses was R (R version 2.14.1 [2011-12-22, R: A
language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org)
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RESULTS
Participant Characteristics
This study included 197 patients of whom 59% were women, 76% were white and 94% were
non-Hispanic or non-Latino, and whose average age was 60 years. Their mean BMI was 32.1 kg/m²
and 46% reported family history of diabetes (Table.1). A total of 48 (25%) patients tested positive
for anti-H. pylori IgG antibodies, and these participants were further investigated for the presence of
cagA antibodies. Among these 48 persons, 25 (52%) patients had a positive Anti-cagA IgG titer.
Association between H. pylori, and its cagA gene, and Metabolic Syndrome
There was no statistically significant association between H. pylori infection and metabolic
syndrome prevalence. Among 48 participants who were positive for H pylori, 18 participants (38%)
had metabolic syndrome compared with 62 of 149 (42%) of H pylori negative individuals
(unadjusted odds ratio 0.84; 95% CI, 0.4 to 1.3; p=0.36; Table 1). After adjusting for age, gender,
ethnicity, race, family history of diabetes mellitus, and BMI, the association became stronger, but it
remained statistically non-significant (adjusted odds ratio 0.67; 95% CI, 0.3 to 1.3; p=0.20; Table 2).
The direction for the association between H pylori and individual components of metabolic
syndrome was consistently negative; however, the associations in the unadjusted or adjusted
analyses were not statistically significant with the exception of waist circumference, which was
inversely associated with H. pylori serostatus (Table 2).
Among H pylori positive individuals, CagA status was not associated with metabolic syndrome.
Ten of 25 (40%) of cagA positive compared with 8 of 23 (35%) of cagA negative (Unadjusted odds
ratio 1.25; 95% CI, 0.3 to 4.1; p = 0.70; Table 3) had metabolic syndrome. The lack of association
remained after adjusting for age, gender, ethnicity, race, family history of diabetes mellitus, and BMI
(adjusted odds ratio 2.1; 95% CI, 0.3 to 16.4; p=0.40; Table 3). No components of metabolic
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syndrome were associated with cagA status with the exception of blood pressure components,
which were positively associated with cagA serostatus (Table 3).
Among the cardiometabolic markers that are not part of the metabolic syndrome definition, IL-6
was significantly associated with cagA status in the unadjusted analyses, but not after adjustment.
VCAM and ICAM were associated with H. pylori status only, in both adjusted and unadjusted
analyses, but not with cagA status (Table 4).
DISCUSSION
Summary of Results
This study examined whether exposure to H. pylori and cagA is associated with metabolic
syndrome. Infection with H. pylori was detected in twenty-three percent of patients with metabolic
syndrome. H. pylori seropositivity was not associated with prevalent metabolic syndrome. Among
patients with evidence of H. pylori infection, approximately half were positive for the cagA gene.
There was no association between cagA positivity and prevalence of metabolic syndrome. Patients
with seropositive H. pylori seemed to have generally favorable metabolic, vascular and
inflammatory markers; however, none of the associations were statistically significant with the
exception of waist circumference, which was lower among those with H. pylori infection. On the
other hand, participants who were H. pylori+/cagA+ appeared to have worse metabolic profile,
although only the differences in systolic and diastolic blood pressure were statistically significant.
Potential Mechanisms
The potential association between H. pylori and metabolic syndrome is biologically plausible.
There is increasing evidence that H. pylori may contribute to various extra-gastrointestinal
conditions, including metabolic disease, such as type-2 diabetes and cardiovascular disease (5)
(15) (16). It has been postulated that metabolic syndrome, a complex condition characterized by a
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constellation of risk factors that are linked to increased risk to developing cardiometabolic disease
(17), may be influenced by infection with H. pylori. The potential influence of H. pylori on
atherosclerosis has been suggested to occur via an inflammatory response caused by oxidative
damage to the vascular wall and enhanced immune response (18) (19) (20), Furthermore, the
presence of H. pylori DNA fragments in atherosclerotic plaques in vascular walls (20) and enhanced
thrombotic events through binding Von Willebrand factor and interacting with glycoprotein-Ib to
induce platelet aggregation in humans among persons with H. pylori infection provides additional
support of a potential link (21). The pathophysiology of metabolic syndrome is also accompanied
by the release of various inflammatory and vascular markers, including IL-6, CRP, ICAM, VCAM,
and fibrinogens, and H. pylori infection may contribute to increased systemic inflammation. The
virulent effect of H. pylori on inflammatory-mediated conditions, such as cardiovascular disease, is
thought to be enhanced in the setting of the cagA gene (22) (10). Huang et. al, reported that, in
patients with coronary heart disease, the presence of H. pylori and especially cagA+ strain
increased the burden of coronary atherosclerosis through increasing CRP, LDL and total
cholesterol (11). H. pylori and especially in the presence of cagA gene has also been found to be
accompanied by lower serums ferritin level, and decrease in folate and vitamin B12 level (23) (24) ,
which can increase homocysteine level, which has been independently linked with atherosclerosis
(25) (26). Another potential mechanism by which H. pylori status may influence cardiometabolic
disease is indirectly via its potential association with the neuro-hormonal regulation of obesity
related hormones, such as gherlin and obestatin (27). Cross sectional and longitudinal studies have
also linked H. pylori infection with the natural history or clinical presentation of type 2 diabetes
mellitus, which is tightly linked to metabolic syndrome (16); However, the mechanisms that can
explain the putative association between H. pylori and cardiometabolic disease are debatable, as
other studies have indicated no significant correlation between H. pylori-seropositivity and the
extent of atherosclerosis and cardiovascular disease complications (28).
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Comparison with Prior Studies
Some prior studies have provided evidence of an association between H. pylori and metabolic
syndrome (2) (18) (29) (30); however, some of these studies relied exclusively on insulin resistance
as a proxy definition for the metabolic syndrome and did not examine the clinical components of
metabolic syndrome. Gunji et al, found an association between H. pylori infection and the presence
of metabolic syndrome in a large Japanese cohort using the Japanese clinical criteria to diagnose
metabolic syndrome (2). In contrast, other studies found no association when using the metabolic
syndrome outcome, as defined by ATP III criteria (31), which is in line with our findings. In the
largest cross-sectional study to date using data from NHANES III, Gillum et al, reported no
association between H. pylori and metabolic syndrome prevalence but reported significant
association with coronary heart disease; however, this study studied only men and there might be
concern for bias due to nonresponse, and also because participants received medications for
diabetes, which might have confounded the association between H. pylori and cardiometabolic
outcomes. Partly, the difficulty in comparing between studies reporting the association between H.
pylori and metabolic syndrome is due to the diversity in the definitions of the metabolic syndrome
and lack of agreement about how to measure insulin resistance syndrome. Using insulin resistance
index only to define the metabolic syndrome might overlook all the other metabolic syndrome core
and related variables, including inflammatory and vascular markers, which some studies did not
capture, and therefore might affected the results and created bias.
Some studies have also reported improvement in markers of cardiometabolic disease, including
atherogenic lipid abnormalities and low-grade inflammation after H. pylori eradication (3) (30). On
the other hand, Park et al, found no changes in metabolic and inflammatory parameters, including
glycemic, insulin resistance, lipid profile and CRP levels in patients with H. pylori infection who
received H. pylori eradication therapy compared to those who did not receive therapy (32);
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nonetheless, differences in regimens of eradication therapies and selection bias complicate
interpretation of these studies.
There is evidence that the presence of the cagA gene can influence cardiovascular disease and
inflammatory markers (10) (33); H. pylori cagA+ strains may contribute to cardiovascular disease
through various mechanisms, including increasing LDL, CRP and total cholesterol and also was
associated with worse atherosclerotic coronary profile in coronary artery disease (CAD) patients
(11); however, not all studies have shown such an association (34). Our study does not support an
association between cagA seropositivity and metabolic syndrome.

The majority of studies

conducted that have reported an association between H. pylori and cagA, and metabolic syndrome
or insulin resistance are in Asian cohorts (22). Such as association may be explained by the
observation that more virulent strains of cagA seroprevalence are more prevalent in Asia while they
are declining in developed countries due to changes in socioeconomic status (35). Race and
ethnicity are important factors to consider while conducting a study in H. pylori and most published
studies were mainly homogenous racially and ethnically. The present study was conducted in a
Western population, and although it includes patients of different races, the majority was white,
which may explain the lack of association.
The difficulty in comparing between studies reporting the association between H. pylori and
metabolic syndrome may be due to the diversity in the definitions of the metabolic syndrome and
lack of agreement about how to measure insulin resistance syndrome, which is thought to be the
key pathophysiological mechanism underlying the metabolic syndrome. Using insulin resistance
index only to define the metabolic syndrome might overlook all the other metabolic syndrome core
and related variables, including inflammatory and vascular markers, which some studies did not
capture, and therefore might affected the results. Lack of adjustment for relevant potential
confounders may also explain the discrepancy between results among published studies. In our

12
study, we adjusted for clinically relevant variables; however, several potential confounders were not
available (e.g. socioeconomic status).
Strengths and Limitations
To our knowledge, this is the first study in a US-based population to investigate the role of both
H. pylori and its cagA protein in metabolic syndrome. In contrast to previous studies, we used the
clinical definition of metabolic syndrome (ATP III criteria) as well as other vascular and inflammatory
components that are pathophysiologically linked to the metabolic syndrome to test its association
with H. pylori and cagA sera status. Because of its cross-sectional design, the directionality of the
associations cannot be determined. Furthermore, the study cannot establish the length of the
infection or whether the organism had been eradicated prior to the analyses undertaken. Other
limitations include the small number of H. pylori and CagA positive individuals, and lack of
information on history of use of antibiotics and socioeconomic status. These weaknesses are
shared with other studies and should be addressed in future studies. Finally, the study population
was selected based on their metabolic syndrome predisposition; however, their predilection to be
infected with H. pylori was not influenced by that selection process, therefore, we don’t expect index
test bias to exist
Conclusion
In this study population, the presence of H. pylori and cagA gene were not associated with the
presence of metabolic syndrome or worse phenotype profile as an outcome; however, findings in
our study showed association with the inflammatory and vascular-related cardiometabolic
phenotypes, which provides some support to the hypothesis that the pathophysiology of H. pylori in
patients at risk for cardiometabolic disease has a vascular-related inflammatory processes and
mechanism. Prospective studies are recommended to observe H. pylori and cagA in wider, more
diverse population to elicit any association or causal relationship, if present.
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Tables

Table.1. Characteristics of study participants (n=197)
(mean ± SD)

Age (years)

60 ± 9
32.1 ±3

BMI (kg/m²)

n (%)
Women

116 (59)

Ethnicity
Non-Hispanic or Non- Latino

185 (94)

Hispanic or Latino

8 (4)

Not reported

4 (2)

Race
150 (76)
White
47 (24)
Non-white

Family History of diabetes mellitus

91 (46)
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Scientific Background
I.

Helicobacter pylori
A Helicobacter pylori bacterium (H. pylori) is gram negative, spiral-shaped bacterium that

colonizes the gastric mucosa to cause several pathological and clinical manifestations including
peptic

ulcer

disease,

mucosa-associated

lymphoid

tissue

lymphomas

(MALTomas),

gastroesophageal reflux disease (GERD) and gastric carcinoma, to name few. It is also thought to
play a role in several extra-gastrointestinal conditions including atherosclerosis, diabetes and other
inflammation-mediated conditions (1) (2) .
H. pylori infection is one of the most common infections worldwide. Although reliable data are
not available, mostly because such data are not available from developing countries where the
infection is highly prevalent, it has been estimated that approximately 50% of the worldwide
population has evidence of exposure to H. pylori (3) compared to 40% in the U.S. Prevalence tends
to be lower in industrialized countries due to higher standards of sanitation and use of antibiotics.
Prevalence and pathogenetic role of H. pylori may differ depending on geography and race (4). No
gender predilection is known; however, females have a higher incidence of re-infection (5-8%) than
males. H. pylori infection may be acquired at any age but tend to be acquired most frequently
during childhood or later in life. Approximately half of H. pylori infections are found to encode
cytotoxin-associated gene A (cagA) gene, a virulent factor that is responsible for a more severe
form of the infection, pathological and clinical presentation, and is thought to contribute to H. pylori
extra-gastrointestinal pathogenesis (5).
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Image.1. the interaction between cagA-positive Helicobacter pylori and gastric epithelial cells

II.

Cytotoxin-associated Protein A (cagA Gene)

Approximately half of H. pylori infections are found to encode a gene, through another 128kDa
protein, called cytotoxin-associated protein A (CagA gene), which encodes multiple genes that
forms type IV secretion system (T4SS) to inject and translocate H. pylori into the gastric cells. Some
H. pylori strains might possess the 128kDa protein and some might not. This protein is the marker
of CagA Island, which is made up of 35-40kb and can be diagnosed though serological tests. CagA
gene is a fundamental structure that defines if H. pylori strains are either CagA positive (CagA+) or
CagA negative (CagA-). Though less common, it is possible for an individual to acquire mixed
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population of H. pylori, both CagA + and CagA -, at the same time. (6) H. pylori injects cagA gene
through a complicated process illustrated in image.3. The diversity in alleles accounts for
differentiation of cagA strains. DNA sequence data for the cagA 3' region of Western isolates differ
markedly in their EPIYA motifs from those of East Asian isolates. The translocated CagA is
phosphorylated on Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs named EPIYA-A, EPIYA-B, and EPIYA-C in
Western strains of H. pylori and EPIYA-A, EPIYA-B, and EPIYA-D in East Asian strains. CagA
protein is known to be responsible for more virulent forms of H. pylori gastrointestinal pathological
and clinical presentation. It is also thought to contribute to H. pylori extra-gastrointestinal
pathogenesis. (7) (8)

©2006 by American Society for Biochemistry and Molecular Biology
Image.2. structural composition of the EPIYA-repeat regions of Western and East Asian CagA proteins.
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III.

Metabolic Syndrome and Insulin Resistance

Metabolic syndrome refers to the clustering of cardiovascular risk factors including type 2
diabetes mellitus (t2DM), central obesity, dyslipidemia, hypertension, nonalcoholic fatty liver
disease (NAFLD) and endothelial dysfunction. (9) The Centers for Disease Control and Prevention
(CDC) estimates that nearly 26 million Americans have Diabetes, mostly type-II Diabetes Mellitus
(t2DM). Additionally, an estimated 79 million Americans have pre-diabetes, in which 35% of that
presented in adults aged 20 years and older (10). Type-II Diabetes Mellitus results from the
combination of resistance to insulin action and inadequate insulin secretion to compensate for
increased requirements. Insulin resistance (IR), a phenotype of metabolic syndrome, and H. pylori
appear to share common characteristics including population age, inflammation and altered
vascular homeostasis, which has led to the hypothesis that H. pylori may be pathophysiologically
linked to metabolic syndrome, and thereafter t2DM.
American Heart Association criteria to define metabolic syndrome components (9) using waist
circumference, triglycerides (TAG), high-density lipoprotein cholesterol (HDL), FPG and blood
pressure components, systolic and diastolic. A patient is diagnosed with metabolic syndrome if
he/she comprised three or more of the following criteria:

1)

Elevated waist circumference:

a)

Men — Equal to or greater than 40 inches (102 cm)

b)

Women — Equal to or greater than 35 inches (88 cm)

2)

Elevated triglycerides (TAG): Equal to or greater than 150 mg/dL (1.7 mmol/L)

3)

Reduced High-Density Lipoprotein (HDL) cholesterol:

a)

Men — Less than 40 mg/dL (1.03 mmol/L)

b)

Women — Less than 50 mg/dL (1.29 mmol/L)
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4)

Elevated blood pressure (BP): Equal to or greater than 130/85 mm Hg or use of

medication for hypertension
5)

Elevated fasting plasma glucose (FPG): Equal to or greater than 100 mg/dL

(5.6 mmol/L) or use of medication for hyperglycemia

The Homeostatic model assessment (HOMA) is a method used to quantify insulin resistance
and beta-cell function. It was first described under the name HOMA by Matthews et al, in 1985.
There are two types of HOMA, HOMA-IR which measures insulin resistance and HOMA-β which
measure the β-cell function. Insulin is given in mU/L. Glucose and Insulin are both during fasting.
HOMA-IR, a quantitative index to measure Insulin resistant ( IR acceptable normal range 2.0-3.0),
had the advantage of being a minimally invasive index, counting only on fasting blood sugar to
detect measurements, hence commonly used to assess IR.

Vascular Markers:
Gahemberg et al, describes that ICAM and VCAM are part of immunoglobulin superfamily,
responsible in part for the pivotal function of leukocyte adhesions to mediate different inflammatory
and immune responses (11).
1-

ICAM: The ICAM family is known to bind to leukocyte integrins CD11/CD18 during

inflammation and in immune responses. They consists of five isotopes, designated ICAM-1 to
ICAM-5.

2-

VCAM: The VCAM protein mediates the adhesion of lymphocytes, monocytes,

eosinophiles, and basophiles to vascular endothelium and thought to play a role in the development
of atherosclerosis. It also functions in leukocyte-endothelial cell signal transduction.
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Literature Review:
Several studies found that in type-2 diabetes mellitus patients, it is more difficult to successfully
treat and eradicate H. pylori with conventional treatment (12) (13). Chronic H. pylori infection has
also been proposed to contribute to the formation and progression of atherosclerosis (14) and cagA
gene may be especially important (15).

There are several pieces of evidence of suggested

pathophysiological pathways to support such a potential link, including the presence of H. pylori
DNA fragments in atherosclerotic plaques (16), the role of H. pylori and cagA gene in enhancing
thrombotic events through binding Von Willebrand factor and interacting with glycoprotein Ib to
induce platelet aggregation in humans, (17) and through the activation of C-reactive protein (CRP)
cascades and altering serum lipid profile. Chronic H. pylori infection is accompanied with atrophy
that may lead to anemia, especially vitamin12 and folate deficiency and decreased serum ferritin
levels, and that tends to increase levels of homocysteine, a non-traditional risk factor for IRmediated disorders, including arteriosclerosis (18). Nonetheless, this relationship is controversial
and far from conclusive as some studies have indicated no significant correlation between H. pyloriseropositivity and the extent of atherosclerosis (19). Along with that, the majority of these studies
had still failed to capture cagA protein antibodies effect on the burden of atherosclerosis, or to
differentiate between active and old infections of H. pylori to support the evidence.

There seem to be a mounting evidence of the effect of non-traditional risk factors of metabolic
syndrome and diabetes mellitus interacting with H. pylori. Metabolic syndrome and atherosclerosis
share few pathophysiological aspects with H. pylori including the proinflammatory and vascular
markers such as IL6, CRP, ICAM and VCAM. Inflammation and oxidative stress due to chronic H.
pylori infection is accompanied with IL-6 and CRP markers inflammation. The latter factors are
reported to be correlated with subsequent type-2 diabetes mellitus onset. Obesity, and conjointly
central adiposity, has an important role in mediating and up-regulating insulin resistance, and
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therefore metabolic syndrome. H. pylori have been reported to play a role in obesity. Dickman et al,
reported the association between failure to treat GERD in relation to the concomitant presence H.
pylori and obesity in patients who failed proton pump inhibitors therapy (PPI) (20). This suggests
the evidence of unresponsiveness to treatment and advancement of different comorbidities due to
the persistence of H. pylori infection. Moreover and in an indirect pathway, treating recurrent H.
pylori infection with antibiotics alters the gut microbiota, which is linked to evidence of higher
chances of obesity and diabetes mellitus risks. It is worth noticing that studies focus on IR only as a
core component to measure metabolic syndrome; nevertheless, metabolic syndrome is interactively
influenced by multiple factors and takes into account more than fasting glucose levels and insulin
levels only. Some even excluded patients with high blood pressure or hyperlipidemia from their
studies, when these are components of metabolic syndrome and its etiology.
In conclusion, several studies have reported an association between H. pylori infection and
presence of metabolic syndrome characteristics while others invalidated the evidence (21) (22) (23)
(24); however, the available evidence is still inconclusive (25), which validates the need to conduct
larger prospective-type studies in heterogeneous population to examine the association and
causality if present, and document and provide a direction to where and when treatments and
preventive modalities should be established and provided.
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Table.6. Characteristics and outcome variables by metabolic syndrome status

Characteristics

With Metabolic Syndrome

Without Metabolic Syndrome

Means¹

Means¹

96

87

BMI (kg/m²)

33.57

30.88

Weight (kg)

96.86

87.7

Waist (cm)

109.5

101.8

Hb A1c (%)

5.8

5.6

Systolic

135

124

Diastolic

80

76

TG (mg/dL)

151

87

HDL (mg/dL)

39.85

51

LDL (mg/dL)

130

131

Cholesterol (mg/dL)

200

201

hs-CRP (mg/L)

3.5

4

Interleukin-6

2.3

2.3

ICAM

200

179

Fasting Insulin (mU/L)

13.7

7.7

HOMA-IR³

1.8

1

VCAM

627

615

FPG (mg/dL)²

Blood Pressure(mmHg)

¹ Based on calculated mean of metabolic phenotypes of the specified population
² To change from traditional (mg/dl) units to SI (mmol/L) for glucose, multiply by 0.055
³ HOMA-IR, Homeostatic model assessment of insulin resistance = (glucose, [mmol/L] x insulin [mU/L]) / 22.5
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Table.7. 2x3 contingency table shows distribution of H. pylori and cagA across metabolic
syndrome patients

Outcome

With

Without

Predictor

Metabolic Syndrome

Metabolic Syndrome

H. pylori +

18

30

cagA +

10

15

cagA -

8

15

29

30

Table.9. Metabolic, Physical, Vascular and Inflammatory Markers by H. pylori status
Characteristics

•
•

H. pylori + (n=48)

H pylori - (n=149)

Mean

Mean

Weight (kg)

89.5

92

Hb A1c (%)

5.7

5.6

LDL (mg/dL)¹

133

131

Cholesterol (mg/dL)

202

199

hs-CRP (mg/L)

3.1

4.1

IL-6

2.1

2.4

ICAM

170

194

Fasting Insulin (mU/L)

10.4

10.1

HOMA-IR

1.3

1.3

VCAM

576

637

¹ To change from traditional (mg/dl) units to SI (mmol/L) for glucose, multiply by 0.055.
² HOMA-IR, Homeostatic model assessment of insulin resistance = (glucose, [mmol/L] x insulin [mU/L]) / 22.5
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Table.10. Metabolic phenotypes and clinical data by cagA gene status
Characteristic

cagA - (n=23)

Mean

Mean

Weight (kg)

87.5

91.7

Hb A1c (%)

5.7

5.8

LDL (mg/dL) ¹

126

140

Cholesterol (mg/dL)

200

210

hs-CRP (mg/L)

2.1

4.2

IL-6

1.6

2.7

ICAM

155

180

Fasting Insulin (mU/L)

9.4

11.4

HOMA-IR ²

1.2

1.4

555.6

580

VCAM*

•
•

cagA + (n=25)

¹ To change from traditional (mg/dl) units to SI (mmol/L) for glucose, multiply by 0.055.
² HOMA-IR, Homeostatic model assessment of insulin resistance = (glucose, [mmol/L] x insulin [mU/L])/ 22.
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